Purpose -This study aims to examine the effects of energy consumption on economic growth by means of a panel data analysis of 75 net energy-importing countries for the period 1990 to 2012.
Introduction
Energy plays an important role in the lives of humans and in the activities of the economy, both as a scale of economic and social development and as a basic humanitarian need. Therefore, energy consumption per capita of a country is regarded as an important indicator of economic development. In today's world, energy is not only considered to be a production input but is also regarded as a strategic commodity that constitutes the basis for international relations and shapes the world economy and politics. The conditions under which energy is procured and the problems experienced during the procurement process directly affect competition at both the national and international levels; these conditions also shape the production structures of the countries and constitute one of the main indicators of basic economic variables. For all of these reasons, energy is one of the most important issues in today's world.
The mechanization of production and the emergence of mass (serial) production methods following the industrial revolution in the late eighteenth century resulted in an increased demand for energy. This, in turn, caused the production process and the capacity of a country to become increasingly dependent on energy and energy-based inputs. Although energy is not the only input that determines the level of production and the degree of economic development of a country, it is highly important for economic growth. It is only by means of consuming a certain amount of energy that countries can achieve a certain level of economic growth. In today's world, it does not seem possible to produce goods and services, sustain the production process or offer these goods and services to consumers in an appropriate way without energy (IAEA, 2009) . Therefore, any interruption in the procurement of energy, which is a highly important input used in every phase of production, or any failure to meet the energy demand increase of increasing production under favorable conditions may cause a bottleneck in the economy (Smulders and De Nooij, 2003) . Thus, countries should procure a sufficient amount of energy in a cost-effective, quality-conscious, safe manner -without any interruption -to achieve sustainable growth goals and improve their living standards.
It is well known that energy demands of countries are increasing with each passing day, but the resources used to generate energy are limited in both amount and range. Moreover, the distribution of energy resources around the world is not balanced, as some regions have more reserves compared to others in terms of both amount and range. Such an uneven distribution of energy resources is not only valid for the reserves but also for the consumption levels, and as such, there is a large imbalance between not only regions but also countries with respect to the use of energy resources around the world. This forces JEFAS 22, 42 countries into a great struggle to access these resources under reasonable, reliable and sustainable conditions to meet their increasing energy demands. The scarcity of energy resources around the world begets the emergence of a great competition for energy procurement among the countries.
The energy demands of countries are increasing every day, depending on their growing economies and their changing socio-economic structures. Their failure to increase energy generation despite their increasing energy consumption results in an important problem known as an energy deficit. If an economy experiences a lack of energy resources, it will either choose to accept "low economic growth through production with the existing energy resources" or attempt "to increase growth by meeting the uncovered part of energy demand through imports". The price and direct or indirect procurement of energy affect the production structures of countries as well as their budget balance and competitiveness in the national and international markets. They are also the major indicators of many economic problems, such as the current account deficit. For all of these reasons, energy has become one of the most important issues in the world. Moreover, as energy resources are under the control of a limited number of countries, the potential problems that these countries may have can jeopardize the security of energy procurement, which constitutes another problem together with the cost of consumption incurred by the energy resources used to meet the increasing demands. Such ambiguities in the procurement of energy cause welfare loss and failure to achieve sustainable growth. Thus, timely and sufficient procurement of highquality energy at an affordable price is of great importance, as it ensures the operation of the economy and leads to sustainable growth. However, the effective and efficient use of the procured energy is no less important.
The important role of energy as a production input had been disregarded until the oil crisis of the 1970s. Following this period, energy was considered, together with labor and capital, to be a factor of production, and the number of studies on energy and energy-related problems began to increase. These studies address the energy issue from different perspectives. Some of the studies in the economics literature regard energy as a technical problem, and thus, they assume that by improving existing production (consumption) technologies or by providing new technologies, it is possible to meet the higher energy demands of today, as compared to those of the past, with the same amount of energy used by economies in production or by humans in their daily lives (Kavrakoğlu, 1981; Mankiw, 2010; Krugman and Wells, 2010) . According to this assumption, the problem of increased demand will be eliminated as technology advances. Other studies regard energy as an economic problem and argue that the increased energy demand problem leads to exorbitant oil prices that increase the prices of other energy resources, making energy a difficult-toacquire commodity (Kavrakoğlu, 1981) . This assumption implies that the energy problem will be solved if oil, whose cost does not exceed $10 per barrel, is used as an energy source that does not generate high profits. Other studies suggest that energy problems result from the gradual depletion of energy resources, especially primary resources, around the world (Kavrakoğlu, 1981) . As the prices of depleted commodities increase, it becomes increasingly more difficult to find these resources. Therefore, the fact that known oil reserves now face the risk of depletion within approximately 50 years, production and consumption make this energy resource expensive and difficult to find. Due to the rapid depletion of oil reserves with each passing day, it is thought that this problem can be mitigated in the short term and completely solved in the long term, provided alternative energy sources are mobilized.
After the oil crises of the 1970s, the relationship between economic growth and energy consumption became a common research subject for theoretical and empirical studies, as well as one of the major issues of debate in the economics literature. Some of the empirical Energy consumption findings reveal that energy consumption contributes to economic growth, while others find that energy consumption has no effect on economic growth or that its effect is so small that it can be ignored. A review of the literature on the effects of energy consumption on economic growth indicates that some studies regard energy as a key input that is used in all phases of production and as a resource consumed as an output for increasing the welfare level (Stern, 2000; Shiu and Lam, 2004; Altinay and Karagol, 2005; Odhiambo, 2009; Apergis and Payne, 2010; Iyke, 2015) . This hypothesis, referred to as the growth hypothesis in the literature, claims that energy is one of the key indicators of economic growth. Those who oppose this hypothesis argue that energy plays a minimal or neutral role in economic growth and propose their assumption under the name of the neutrality hypothesis. There are a considerable number of studies whose results favor the neutrality hypothesis (Akarca and Long, 1980; Yu and Hwang, 1984; Cheng, 1995; Hondroyiannis et al., 2002; Altinay and Karagol, 2004; Ozturk et al., 2010) . According to this hypothesis, policies intended to reduce energy consumption have no effect on economic growth.
Previous studies view the energy consumption level as an indicator of development and argue that a country's production is based on the amount of energy it consumes and that, similarly, it achieves a high level of welfare to that extent. However, development should be based on the ability to create greater economic value with less energy, i.e. delivery of the same amount of production with less energy, rather than being based on energy consumption rates. This is evidenced in the development levels of countries, especially in those countries with a production structure that is dependent on energy imports, as increasing energy consumption can disrupt the macroeconomic equilibrium, which then makes the economy vulnerable to external shocks. In underdeveloped or developing countries, inefficient use of energy in terms of both production and consumption causes the already high current account deficit to increase further, causing these economies to be more vulnerable to external shocks related to energy procurement and price volatility. Though it is well known that energy consumption is important for economic growth, empirical studies in the literature provide little information about whether such importance changes depending on the import dependence or the income levels of the countries.
This study aims to empirically examine the effect of energy consumption on economic growth in 75 net energy-importing countries. Consistent with this purpose, we put forth that this study constitutes a significant contribution to the literature on the foundations of economic growth in countries dependent on external resources for energy. Moreover, the study aims to contribute to enhancing the energy consumption growth debates by establishing solidly grounded theoretical and empirical bases. In the first stage of the study, we review the theoretical and empirical literature that focuses on the relationship between energy consumption and economic growth and the effect of the former on the latter. In the subsequent sections, we examine the factors that strengthen or reduce the linkage between energy consumption and economic activities, and then examine the effects of energy consumption on economic growth for the period 1990 to 2012 by classifying 75 net energyimporting countries into subgroups. In the final stage, the findings are compared with the findings of other studies in the literature.
Determinants of the relationship between energy consumption and economic growth
With the emergence of the industrial revolution, countries' energy use increased significantly and has continued to rise. Energy is of critical importance for countries, as it is a key input for achieving economic, social and industrial development and for increasing the welfare level. However, while there have been extensive debates on the energy consumption JEFAS 22,42 trends of both developed and developing economies since the oil crisis of the 1970s, they do not disregard the importance of energy for production and daily consumption (Stern and Cleveland, 2004) .
If energy constitutes a relatively small part of the total production cost or is not a primary input when compared with other production inputs, an interruption in the procurement of energy or an increase in its price will not have much effect on the economy (Mallick, 2007) . Conversely, if energy is a highly important input in the production process or is among the basic humanitarian needs, potential problems in its supply or exorbitant energy prices will cause serious problems in both production and the daily lives of consumers. In this sense, determining and examining the factors that strengthen or reduce the linkage between energy use and economic activities is of critical importance for sustainable growth.
Determining and examining the factors that strengthen or reduce the linkage between energy use and economic activities is extremely important, as doing so adds clarity to the issue. Accordingly, the general production function used to demonstrate this relationship is written as follows (Stern and Cleveland, 2004; Stern, 2004) :
In this functional equation, Q i indicates various outputs, such as manufactured goods and services, that are included in the model as dependent variables; X i represents various inputs, such as capital and labor; and E i indicates different energy inputs, such as coal and oil. Additionally, A represents the state of technology as defined by the total factor productivity indicator. In this sense, the relationship between energy use and an aggregate of output, such as GDP, is affected by the following variables (Stern and Cleveland, 2004): substitution-complementarity between energy and other inputs; technological change and efficient use of energy; shifts in the composition of the energy input; and shifts in the composition of GDP (output).
In addition to these variables, there is a widespread debate in the literature asserting that the pricing factor in energy generation and consumption affects the relationship between energy and output (Berndt and Wood, 1975) .
2.1 Energy and other production inputs: substitution-complementarity relationship Investment and production are extremely important economic activities in terms of wealth, development and welfare for both developed and developing countries. Throughout the history of economics, numerous studies have examined production, production structure and economic growth, and they all have sought answers to questions such as, "which goods must be produced by the countries?" and "to what extent and how are they to be produced?". Thus, production and ensuring the sustainability of this production are important to meet the needs of the communities and increase the welfare level.
A country aiming to achieve maximum utility is expected to use the relatively abundant factor of production that it exhibited during the production process. In this case, the substitute or complementary relationship between production inputs leads to the question of which input should be used most often during the production process. The production inputs that are used to achieve a certain level of production are called complements, and therefore, one of these complements cannot be used without the other. The inputs that can be Energy consumption used in place of each other during the production of the same level of output are called substitute or rival production inputs. For a given level of technology, the production inputs such as energy and capital and labor used per unit of economic output can be used together during production or can be used as substitutes for each other, provided that the production level remains constant. The complementary relationship between energy and other production inputs means that if energy prices increase and energy consumption is reduced, the demand for capital and labor services will also decrease, thus leading to the production of a lower level of output. However, substitution means that the demand for capital and labor services will increase and that the level of output will not be low (Hudson and Jorgenson, 1974; Berndt and Wood, 1975; Asaduzzaman, 1995; Huang et al., 2006) .
In general, energy and other inputs are found to be complements based on the time-series results, while the cross-sectional results indicate that they act as substitutes. Thus, it is inferred that energy and other factors of production act more as complements in the short term and more as substitutes in the long run (Gibbons, 1984; Apostolakis, 1990; Ebohon, 1996) . In the short term, the energy required to operate the machinery and equipment used for production makes energy and other factors of production complementary inputs. In the long term, by means of the use of new highly energy-efficient machines and processes introduced with the advancement of technology, energy products can, to some degree, substitute for other production inputs, or the labor/capital-intensive products can be produced with less capital/labor (Asaduzzaman, 1995) . Furthermore, the energy price changes affect not only the demand for energy but also the capital formation and use of labor (Apostolakis, 1990) . Though an increase in the energy prices does not easily change the existing production structure of an economy in the short term, such an increase results in costlier production and investments. As the production and investment volume is reduced, all production inputs are also reduced, thus indicating that energy and other factors of production complement each other. Accordingly, the substitution of energy with other production inputs is not possible in the short term (Aydın, 2010) . However, substitution among production inputs is possible in the long term, as the production structure can be easily changed over the long term. As the prices of energy products increase, the relative price of energy also increases compared to other production inputs. In this case, a less energy-intensive and more labor/capital-intensive production structure may be preferred. Such a development in production reduces the use of high-priced energy and increases the use of other production inputs with relatively low prices, thus indicating that energy and other inputs can be substituted with each other (Gibbons, 1984; Webster et al., 2008) .
Numerous studies examine whether there is a substitution or complementary relationship between production inputs and the extent to which they can substitute for each other. However, to date, no common ground has been reached (Hudson and Jorgenson, 1974; Iqbal, 1986; Apostolakis, 1990; Thompson and Taylor, 1995; Ebohon, 1996; Frondel and Schmidt, 2002; Koetse et al., 2008) . Studies suggesting the existence of a substitute or a complementary relationship between energy and other factors of production generally argue that energy and other factors of production act more as complements in the short run, but act more as substitutes in the long term when the technology or production structure can be easily altered (Gibbons, 1984; Apostolakis, 1990; Aydın, 2010) . However, there are also studies suggesting that there is a substitution relationship between energy and other production inputs (capital) when the energy intensity is low, and a complementary relationship when the energy intensity is high (Huang et al., 2006) . Stern (2010) argues that energy can either restrict or contribute to production and economic growth, depending on the convenience of energy procurement and the level of existing technologies. However, a considerable portion of the production and consumption JEFAS 22,42 activities require energy as an input, which indicates that other production inputs are, for the most part, in a complementary relationship with energy. In conclusion, given that economic growth is a long-term phenomenon, complementarity is much more on the forefront than substitution with respect to the relationship between energy and other production inputs.
Energy efficiency and technological change
Energy efficiency, i.e. the efficient use of existing energy, can be defined as the use of scarce and valuable resources that are primary inputs in all economic activities in a way to achieve maximum utility for a given level of technology. In short, energy efficiency means obtaining the maximum added value possible with the energy used in production or consumption. Herein, energy efficiency not only refers to the consumption process of the required energy but also means putting energy into final use with minimum loss and maximum efficiency during a long-term process that includes both the production and distribution phases. It must be emphasized that an energy resource obtained through the fastest and cheapest way possible without high investment costs is an energy resource that is used efficiently. The efficient use of energy in the production, distribution and consumption phases provides the opportunity to engage in the same amount of work while using less energy and without decreasing the welfare level or the quality and quantity of production.
One of the most important indicators of efficient energy use is energy intensity, which represents the amount of energy consumed per GDP (Patterson, 1996; Boyd and Pang, 2000) . Energy intensity gives an idea about how efficiently energy has been used in added-value production in an economy. High energy consumption per capita and low energy intensity is the ideal condition for development in terms of energy (EMO, 2012) . This is possible through acquiring the goods and services using less energy or achieving maximum efficiency from the existing energy resources.
In a production or consumption process, as general improvements in technology or use of new technologies may reduce energy consumption per output, technical changes are closely related to energy efficiency. The autonomous energy efficiency index (AEEI), which includes technical changes, is used to measure the potential effects of technological changes on current energy efficiency in an economy. This index measures the technological changes that reduce the energy use per output independent of price changes in an economy (Bataille et al., 2006; Rivers and Jaccard, 2006; Stern, 2011) . To incorporate technical changes into the process, the production function is re-formulated as follows (Stern, 2011) :
Each input is multiplied by its own technology factor A i , and thus, the crude units of the input are converted into effective units. AE represents the index of energy that enhances technical change, and as such, it holds the use of all other inputs and their augmentation indices constant (Stern and Cleveland, 2004; Stern, 2011) . Thus, an innovation that reduces the energy input for a unit of added value, for a unit of GDP or for a new development that provides energy savings, ensures the efficient use of existing energy resources in both production and consumption (Bataille et al., 2006) . In this sense, energy efficiency ensures that the amount of energy required for growth can be met with less energy. Thus, the efficient use of energy is considered as an alternative energy resource.
Other than those mentioned above, many innovations and technological developments that help in achieving energy efficiency can cause a decrease in the price of the energy products by decreasing the amount of energy required for production (consumption) when Energy consumption the other variables are held constant. Therefore, the use of resources that have been saved beforehand in the production (consumption) of other goods and services can increase production (consumption) and, therefore, the energy demand (Saunders, 1992; Greening et al., 2000) .
Energy quality and shifts in the composition of the energy input
The issue of energy quality or the use of good-quality energy attracts the attention of researchers due to its effects on labor and capital efficiency as well as its impact on the amount of energy required to produce a unit of GDP (Schurr et al., 1960; Stern and Cleveland, 2004; Liddle, 2012) . The existing energy resources are not of the same quality, nor do they have the same level of productivity (level of energy generation). In other words, some energy resources are more productive and provide a higher level of utility in the production of economic output than do other energy resources (Stern, 2010) . Energy quality refers to the amount of energy content per unit of weight or economic usefulness per heat equivalent unit of an energy resource (Cleveland et al., 2000) .
Due to the changing and developing technology, the tools and materials used now consist of increasingly more high-tech products that require a considerable amount of energy, a situation that is similar to the past. On the one hand, this increases production and makes life easier for people, while on the other hand, it causes the tools used in production and consumption to be more sensitive to the quality of the energy required for operation. In the literature, electricity is viewed as the highest quality type of energy, followed by natural gas, oil, coal and wood and biofuels in descending order of quality (Stern and Cleveland, 2004) . This view is supported by the typical prices of these fuels per unit of energy. Among the known energy resources, electricity tends to be the most expensive energy source, followed by other energy resources, such as oil and coal, with respect to their differences in productivity and quality (Liddle, 2012) . As energy quality is not fixed over time, the composition of energy input changes accordingly over time. The history of economics indicates that there is a shift from lower-quality energy resources to higher-quality resources, which reduces the amount of energy input required to produce a unit of added value or GDP (Schurr et al., 1960; Stern and Cleveland, 2004) . Moreover, the quality of energy used in production directly affects the quality of products and production. From this perspective, energy plays a key role in survival in the globalized, competitive markets of today.
Shifts in the composition of the gross national product (output)
The potential effects of energy use on economic growth change depending on the phases of development a country has undergone and on the economic structure of the country. Combined with economic development, the shares of industries in the gross national product change. In the earlier phases of development, economic growth is found to be primarily related to agriculture, and thus, the agricultural sector is found to contribute more to economic growth than other industries. In the later stages of development, economic growth occurs in the industrial sector, wherein existing resources are used more intensively, while the relative contribution of the agricultural sector to economic growth decreases. The economies that have completed a transition period from agriculture to industry experience a shift to services that requires relatively fewer resource-intensive activities (Stern and Cleveland, 2004; Mehrara, 2007) , as service-producing economic activities require less energy and more labor (Kavrakoğlu, 1981) than do other economic activities. In this case, it is expected that the relative share of services in economic growth will increase as development increases, while the relative shares of agriculture and industry will decrease.
JEFAS 22,42
We divide the sectors into three groups, namely, agriculture, industry and services. All of these industries exhibit different energy intensities (Stern and Cleveland, 2004) . Due to the sectoral changes over time, the energy intensity levels of agriculture vary greatly from one country to another depending on the level of development of the country (Sarıcı and Sohtaoğlu, 2012, p. 9) . Therefore, the amount of energy used per output is expected to increase in the early stages of development, while it is expected to decrease throughout the later stages (Panayotou, 1993, p. 3; Mehrara, 2007) . The history of economics indicates that the share of the services sector in the national income has increased gradually, which also increases the energy consumption of the sector; however, its total energy intensity decreases when the rate of increase is lower than the growth rate of the GDP.
Model, data and methodology
This study examines the relationship between energy consumption (EC) and economic growth (GDP) in 75 net energy-importing countries. For this purpose, annual data were acquired from the World Development Indicators (WDI) database of the World Bank for these countries for the period 1990 to 2012. The aim is to achieve the optimal sample size when determining the economies and periods within the scope of the analysis. Prior to conducting the empirical analysis, we find a natural logarithm of all variables to reduce heteroscedasticity.
The 75 net energy-importing countries are divided into two main groups based on their level of dependence on energy import and into four subgroups based on their income levels. The first group formed based on the level of dependence on energy import is classified into two subgroups in terms of the import dependence being greater or lesser than 50 per cent according to the data obtained from WDI 2012. The second group is classified into four subgroups based on the World Bank's classification of countries by income group: low-income economies; lower-middle-income economies; upper-middle-income economies; and high-income economies. Table I shows the countries and groups examined in this study.
The model used to test the effect of energy consumption on the economic growth of net energy-importing countries is as follows:
where, LnEC it is the logarithm of energy consumption (kg of oil equivalent per capita) and 
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To find a significant relationship between the variables used in the econometric models, the series should be stationary (i.e. it should not have a unit root). Therefore, before performing a panel analysis, it is necessary to perform unit root tests to determine whether the series of the models are stationary and, if they are so, to what extent they are stationary. Different panel unit root tests have been developed to test whether the panel data are stationary over time.
The first problem encountered in the unit root testing of panel data is to specify whether the cross-sections of the panel are independent from each other. The unit roots tests Energy consumption developed for the cases where there is no correlation between the units are called firstgeneration tests, while the tests used in cases where there is a correlation between the units are called second-generation tests. First-generation tests are based on the assumption that cross-sections are independent and all cross-sections are equally affected from the impact of the shocks to any of the panel units. However, given the relationships of today's international economies, it is more realistic to assume that the cross-section units are affected differently from a shock to one of the units. In an effort to fill this gap, secondgeneration unit root tests were developed by taking into account the cross-section dependence. The key feature of the second-generation tests is their assumption that there is a correlation between the series of the units. Therefore, the variables analyzed in this study are tested using the cross-sectionally augmented Dickey-Fuller (CADF) unit root test developed by Pesaran (2007) for the panel data.
To decide on which generation root test should be used for testing, first it should be examined whether there is cross-section dependence. The results are affected considerably depending on whether the cross-section dependence between the series is taken into account (Breusch and Pagan, 1980; Pesaran, 2004) . If the presence of cross-section dependence in the panel data set is rejected, first-generation unit root tests can be used. However, if there is cross-section dependence in the panel data, then the use of second-generation unit root tests will ensure making more consistent, effective and powerful estimations. In this study, the presence of cross-section dependence is examined using the Breusch and Pagan (1980) , Pesaran (2004 ) scaled LM, Pesaran (2004 CD and the Baltagi et al. (2012) bias-corrected scaled LM tests. The tests show that there is cross-section dependence in the series. This means that there is cross-section dependence between the countries in the panel data. Therefore, in the following sections of the study, we will use panel unit root and panel cointegration tests, both of which take account of the cross-section dependence.
Following the tests to check stationarity, the presence of a long-term relationship between the variables will be determined by using cointegration analyses. While forming a hypothesis for the panel cointegration tests, the stationarity level of the variables changes the type of the test to be used. The series analyzed in this study have both heterogeneity and cross-section dependence. Therefore, the error-correction-based panel cointegration test developed by Westerlund (2007) , which takes account of cross-section dependence, will be used in this study to test for cointegration between the panel data variables. Westerlund (2007) proposes four different panel cointegration statistics to test the presence of cointegration. Two of these statistics are called group mean statistics (Ga, Gt), while the other two are called panel statistics (Pa, Pt).
If a long-term relationship is found between the variables as a result of the panel cointegration tests, it is required to estimate the long-term coefficients for all country groups. In this stage, the coefficients in the cointegrating vector are analyzed by using the dynamic ordinary least squares (DOLS) estimator proposed by Stock and Watson (1993) and the fully modified ordinary least squares (FMOLS) estimator developed by Phillips and Hansen (1990) .
In addition to the long-run parameters, estimation of short-run parameters also gives some valuable information. The pooled-mean group estimation (PMGE) proposed by Pesaran et al. (1999) and the mean group estimation (MGE) error correction model proposed by Pesaran and Smith (1995) estimate both the long-term and short-run parameters. In the final stage of the study, PMGE and MGE methods will be used to estimate the short-term and long-term relationship between the variables for each unit. MGE estimates the long-run parameters by using the means of the long-run parameters of the autoregressive distributed lag (ARDL) models for the estimation of the individual units. Therefore, it allows the long-run parameters to change for the units. On the other hand, PMGE holds the long-run parameter constant and allows the short-run parameters, and even the variance, to change for the units.
Empirical results

Panel unit root analysis
To find econometrically significant relationships between the variables, the series must be stationary. Therefore, the series used in the model must first be tested for stationarity by using unit root tests. In this study, it is necessary to first determine the presence of crosssection dependence to determine which generation root test should be applied. This is important when choosing the unit root and cointegration tests to be performed. Crosssection independence is an important issue for today's markets, as they are becoming increasingly more integrated (Herzer, 2013) as a result of various common factors, such as countries, global financial crises and fluctuating oil prices, all of which can be affected in such an environment (Cavalcanti et al., 2011) . Accordingly, the presence of cross-section dependence is examined using the Breusch and Pagan (1980) , the Pesaran (2004) scaled LM, Pesaran (2004) CD and the Baltagi et al. (2012) bias-corrected scaled LM tests. These tests examine whether the cross-section units are dependent on each other and whether they are equally affected by a shock to the series. Table II presents the results of the cross-section dependence tests performed on the series.
Energy consumption
The results summarized in Table II indicate that there is cross-section dependence in the panel data used to estimate the model at the 1 per cent significance level for all related sub-categories as well as for the whole data set. This means that any shock to one of the countries affects the other countries. Therefore, while developing energy policies, these countries should take into account the policies adopted by the other countries in the panel, as well as the shocks that affect their energy consumption. For this reason, the stationarity of the series is tested using the CADF test developed by Pesaran (2007) , which is one of the second-generation unit root tests that takes cross-section dependence into consideration. This method uses the ADF regression augmented by the lagged cross-section means. The first differences of this regression eliminate the inter-unit correlation (Tatoğlu, 2012) . Table III presents the results of the Pesaran (2007) CADF unit root test performed on the variables in the model.
As shown in Table III , the results of the Pesaran (2007) CADF panel unit root test performed on the economic growth and energy consumption variables indicate that the series are not stationary at the 5 per cent significance level, which means that they have a unit root. Therefore, we take the first difference of each series, thus getting a stationary series. According to these results, we can say that the variables are integrated at the same level and it is possible to examine a relationship in the long term, which can be done through cointegration tests. Table IV , H0, which states that there is no cointegration between the cross-section units in the panel with respect to either the country groups or the relevant sub-categories, is rejected Energy consumption by each of the four test statistics. The results further reveal that there is a statistically significant cointegration relationship in the panel data set. Therefore, according to the results of the cointegration analysis of the net energy-importing countries, we conclude that there is a strong relationship between energy consumption and economic growth over the long term.
Short-run and long-run parameter estimates
If a long-term relationship is found between the variables as a result of the panel cointegration tests, the cointegration coefficients for all country groups and other subcategories must be estimated. In this study, the coefficients in the cointegrating vector are analyzed using the dynamic OLS estimator and the fully modified OLS estimator. Table V presents the coefficients estimated using the DOLS and FMOLS estimators. Table V displays the estimation results of a long-term relationship between energy consumption and economic growth. According to the results presented in the table, t-statistics for the common long-term coefficients are statistically significant at the 1 per cent level for all country groups and for other sub-categories, except for low-income net energy-importing economies. The results obtained from the DOLS and FMOLS estimation techniques indicate that there is a long-run, positive relationship between energy consumption and economic growth. Thus, a 1 per cent increase in energy consumption in the long term will increase economic growth by 0.24 to 0.48 per cent based on the DOLS estimator and by 0.06 to 0.60 per cent based on the FMOLS estimator. Both the DOLS and FMOLS estimates reveal that the level of energy use is an influential factor on economic growth in the net energy-importing country groups.
Panel DOLS and FMOLS estimation methods are used to estimate only the long-run parameters. However, in addition to the long-run parameters, estimation of short-run parameters also gives some valuable information. Therefore, we will use PMGE and MGE as a panel error correction model to examine both the long-term and short-run relationship between energy consumption and economic growth. Table VI shows the results of the analysis.
According to the PMGE and MGE results, the error correction parameter is negative and significant for all of the net energy-importing countries and subgroups. The error correction parameter represents the adjustment speed of the short-run deviations caused by the nonstationarity of the series to equilibrium in the next period. According to the PMGE method, approximately 69 per cent of the disequilibrium in a period can be corrected in the following period, and thus, long-term equilibrium can be attained. This rate was 64 per cent for countries with import dependence less than 50 per cent and 74 per cent for countries with import dependence greater than 50 per cent. Furthermore, with respect to the economic subgroups, the rate of disequilibrium was 80 per cent for the low-income economies, 66 per cent for the lower-middle-income economies, 66 per cent for the upper-middle-income economies and 69 per cent for the high-income economies. Additionally, the long-term parameters of the energy consumption variable in the model were significant and positive for all groups, except for the low-income economies, a result that is consistent with a priori expectations. In other words, a 1 per cent increase in energy consumption increases the GDP per capita by 0.36 per cent for all net energy-importing countries, by 0.47 per cent for countries with import dependence less than 50 per cent and by 0.31 per cent for those countries with import dependence greater than 50 per cent. If we categorize the net energy importers by income levels, this increase is 0.14 per cent for the low-income economies, 0.37 per cent for the lower-middle-income economies, 0.25 per cent for the upper-middle-income economies and 0.48 per cent for the high-income economies. The short-run parameter of energy consumption is statistically insignificant, except for the upper-middle-income economies and high-income economies. According to the MGE results shown in Table VI , about 77 per cent of the disequilibrium in a period can be corrected in the following period and the long-term equilibrium can be reached. This rate is found to be 72 per cent for the countries with import dependence less than 50 per cent and 84 per cent for those with import dependence greater than 50 per cent and to be 90 per cent for the low-income economies, 76 per cent for the lower-middle-income economies, 76 per cent for the upper-middle-income economies and 72 per cent for the highincome economies. Besides, the long-term parameters of the energy consumption variable in the model were found to be significant and positive for all groups, which is a result consistent with a priori expectations. The short-run parameter was found to be statistically significant only in the group formed based on the dependence level of the countries. Only the Energy consumption short-term parameters of the country group with high import dependence and the country group with high income levels are statistically significant.
In this stage, PMGE and MGE methods are used to estimate both the short-term and long-term relationship between energy consumption and economic growth variables for each unit. Table VII shows the PMGE and MGE estimation results for the net energyimporting low-income countries.
As the PMGE results for the low-income economies show, only one long-term parameter is estimated (0.14); however, the error correction parameter and the short-run coefficient are calculated separately for each unit. According to the results of the analysis, the error correction parameter calculated for each net energy-importing low-income economy is statistically significant and negative. This indicates the presence of a long-term relationship between the variables. In addition, the long-run and short-run parameters of energy consumption, except for Ethiopia, are found to be statistically insignificant. The error correction parameters of all countries, except for Tanzania, are considerably high. Therefore, the adjustment speed of short-run deviations to long-run equilibrium is extremely high in these countries.
As shown in Table VII , contrary to the PMGE method, MGE estimates separate longterm parameters for each unit. Besides, the error correction parameter and the short-run coefficient change depending on the units. According to the MGE results obtained for each unit of the low-income economies, the error correction parameter is statistically significant and negative. This indicates the presence of a long-term relationship between the variables for the country group analyzed. However, the long-run parameters, except for Nepal and Tanzania, and the short-run coefficients were found to be insignificant. Table VIII shows the PMGE and MGE estimation results for the lower-middle-income countries dependent on external energy resources.
As the PMGE results for the lower-middle-income economies show, only one long-term parameter is estimated (0.37); however, the error correction parameter and the short-run coefficient are calculated separately for each unit. According to the results of the analysis, the error correction parameter calculated for each net energy-importing lower-middleincome economy is statistically significant, except for Bangladesh, and negative. This indicates the presence of a long-term relationship between the variables. In addition, the long-run coefficient of energy consumption is found to be statistically significant and positive for all countries. However, the short-run parameters are found to be statistically insignificant for the countries, except for Armenia, Guatemala, The Philippines, Senegal, Tajikistan and Ukraine.
According to the MGE results shown in Table VIII and obtained for each unit of the lower-middle-income economies, the error correction parameter is statistically significant and negative for all countries, except for Bangladesh, Georgia and Senegal. This indicates the presence of a long-term relationship between the variables for the country group analyzed. The effect of energy consumption on economic growth is strong in El Salvador, India, Kenya, Moldova, Tajikistan and Ukraine, as the long-run coefficients were estimated to be high in these countries. On the other hand, this effect is weak in Armenia, Honduras, Kyrgyz Rep. and Pakistan, as they were found to have low long-run coefficients. The longrun coefficients were found to be statistically insignificant for the other countries. Besides, the short-run coefficients are also insignificant for the countries, except for Armenia, Kenya, The Philippines, Senegal and Ukraine. Table IX shows the PMGE and MGE results for the upper-middle-income economies dependent on external energy resources. According to the PMGE results obtained for each net energy-importing upper-middleincome economy, the error correction parameter is statistically significant, except for Belarus, and negative. This indicates the presence of a long-term relationship between the variables. Besides, the long-run coefficient of energy consumption (0.25) was found to be significant and positive for all countries. However, the short-run parameters were found to be statistically insignificant for the countries, except for Belarus, Brazil, Lebanon, Romania, Thailand and Turkey. This indicates the presence of a short-term relationship between energy consumption and economic growth only for these five countries.
According to the MGE results shown in Table IX and obtained for each unit of the lowermiddle-income economies, the error correction parameter is statistically significant and negative for all countries. This indicates the presence of a long-term relationship between the variables for the country group analyzed. However, only the long-run parameters of Albania, Belarus, Brazil, Bulgaria, Jamaica, Jordan, Lebanon, Macedonia, Romania and Turkey are statistically significant. Moreover, the short-run coefficients were found to be statistically insignificant for the countries, except for Belarus, Brazil, Lebanon, Romania and According to the PMGE results obtained for each net energy-importing high-income economy, the error correction parameter is statistically significant, except for Greece, and negative. This indicates the presence of a long-term relationship between the variables. Furthermore, the long-run coefficient of energy consumption (0.48) was found to be significant and positive for all countries. However, the short-run parameters were found to be statistically insignificant for all countries, except Austria, Belgium, Cyprus, Finland, France, Hong Kong, Hungary, Korea Rep., Malta, Poland, Switzerland and Uruguay. This indicates the presence of a short-term relationship between energy consumption and economic growth only for these ten countries. The error correction parameter was found to be considerably high in Germany, Hungary, Italy and Portugal. Thus, it is found that the adjustment speed of short-run deviations to long-run equilibrium is extremely high in these countries.
According to the MGE results shown in Table X and obtained for each unit of the lower-middle-income economies, the error correction parameter is statistically significant and negative for all countries. This indicates the presence of a long-term relationship between the variables for the country group analyzed. However, only the long-run parameters of Argentina, Belgium, Chile, Czech Rep., Finland, Greece, Hungary, Ireland, Italy, Japan, Korea Rep., Portugal, Spain, Sweden, the UK, the USA and Uruguay are statistically significant. The five countries in which energy consumption has the highest increasing effect on economic growth are Argentina, Ireland, Finland, the UK and the USA, respectively. The short-run coefficients were found to be statistically insignificant for the countries, except for Finland, Hungary, Ireland and the UK. 
Conclusions
Energy is a key input that is used in all phases of production and an important resource consumed as an output for increasing the welfare level of societies. As a key determinant of economic and social development, energy is not only considered to be a production input, but it is also a strategic commodity that constitutes the basis for international relations and shapes the world economy and politics. As in the past, energy today plays an important role in the production process, and thus, it is one of the key factors that directly or indirectly determines the production structures of the countries and their competitiveness in the national and international markets, as well as their budget balances, current account deficits and economic growth rates. Accordingly, we believe that the findings of this study make a significant contribution to the efforts of policy makers and market participants, as they seek to achieve steady and sustainable growth by means of determining whether energy consumption affects economic growth and, if so, the extent of this effect. 
Energy consumption
In this study, a panel data analysis of 75 net energy-importing countries was performed using data for the period 1990 to 2012 to test the effects of energy consumption on economic growth. In the analysis, the countries were divided into two groups. The first group was formed based on the country's level of dependence on energy imports and was classified into two subgroups, specifically, countries with energy import dependence greater than or less than 50 per cent. The second group was classified into four subgroups based on the World Bank's classification of countries by income group to analyze the effect of energy consumption on economic growth in the net energy-importing countries with different levels of development. The subgroups included low-income economies, lower-middle-income economies, upper-middle-income economies and high-income economies.
As part of the panel data analysis, the presence of cross-section dependence in the panel data was tested. As cross-section dependence was observed in the panels, the stationarity of the series was assessed using the CADF test developed by Pesaran (2007) , which is one of the second-generation unit root tests. To test the cointegration relationship between the variables, the panel cointegration test developed by Westerlund (2007) , which takes into account cross-section dependence, was used. In addition, the DOLS and FMOLS estimators were used to estimate the long-run coefficients. In the final stage of the study, PMGE and MGE methods were used to estimate the short-term and long-term relationships between the variables for both the panel data and each individual unit.
The findings obtained for both the panel data and for each country indicate that there is a positive and statistically significant relationship between energy consumption and economic growth in the long term. This suggests that the level of energy use is an influential factor that affects economic growth in the net energy-importing country groups, thus supporting the growth hypothesis. No relationships were observed in the countries other than those in the high-income group in the short-run analyses.
The analysis performed based on the energy import dependence of the countries indicates that the effect of energy consumption on economic growth is greater in countries with energy dependence less than 50 per cent compared to countries whose energy dependence exceeds 50 per cent. This finding indicates that the effect of energy consumption on economic growth changes depending on the energy deficit levels of countries. Therefore, we contend that future studies that examine the relationship between energy and growth by using a threshold analysis method will make a significant contribution to the relevant literature.
The analysis performed based on the income levels of the net energy-importing countries reveals that the long-run parameter is statistically insignificant for low-income economies. However, for the other country groups, it was found that energy consumption has a positive and statistically significant effect on economic growth. This effect decreases as the level of development (income) increases, indicating that countries use their energy resources for production more effectively and more efficiently as their level of development increases and that they keep the energy required per unit product low, thus realizing more output with less energy consumption. Among the reasons for this are the low levels of loss and theft in the transmission and distribution of electricity in the developed countries. Other reasons may include sustainable gains with regard to the effective and efficient use of energy in developed countries, the preference of such countries to abandon energy-intensive production activities or transfer such activities to developing countries and focus instead on technology-intensive production fields and the preference to improve the services sector. We expect that these findings will make a valuable contribution to the results of future studies, as they analyze the relationships among the variables by including the energy intensities of the countries.
